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THE PRECAMBRIAN GEOLOGY OF CASPER MOUNTAIN,
NATRONA COUNTY, WYOMING

By DOLORES J. GABLE, ARTHUR E. BURFORD', and ROBERT G. CORBETT',
with a section on
THE GEOCHEMISTRY OF ITS GROUND WATER
By ROBERT G. CORBETT

ABSTRACT

The Precambrian rocks of Casper Mountain were mapped as part
of the U.S. Geological Survey’s studies of the geologic framework of
Precambrian crystalline areas in Wyoming.

Casper Mountain, an east-west-trending, asymmetrical anticlinal
flexure defined by its Paleozoic and Mesozoic sedimentary cover, is
the northwest extension of the Laramie Mountains uplift. The area
of the mountain has been topographically positive since Laramide time.
Since then, erosion has stripped part of the overlying sedimentary
cover from the mountain, exposing Precambrian rocks in its core. This
Precambrian core is part of the Archean greenstone-granite belt of
central Wyoming.

An early sedimentary sequence of sandstone and graywacke in-
truded by, and interlayered with, diabase, gabbro, and other mafic
intrusive and extrusive rocks was subjected to regional dynamic
metamorphism of high amphibolite grade 2.8 b.y. ago. This metamor-
phism converted the sedimentary rocks to quartzite, biotite schist,
and gneiss and felsic gneiss, and the mafic rocks mostly to amphibolite.
Intrusions of ultramafic, mafic, and granitic rocks and migmatite ac-
companied, or followed, metamorphism. A more recent (1.7 b.y.) ther-
mal event resulted in a pervasive regional retrograde metamorphism
recognizable in most rocks on Casper Mountain.

Precambrian structures south of the Casper Mountain fault include
folds, joints, and faults that trend predominantly east-northeast. Many
of these northeast-trending faults were reactivated during Laramide
time when horizontal forces caused the area to be uplifted and folded
on an east-trending axis into a doubly plunging fold. The anticlinal
form of the mountain, however, is not reflected in its Precambrian
core. The consistency of the Precambrian structure indicates the
Precambrian rocks did not flex or deform plastically during Laramide
time but did fracture. The flexure of the mountain was probably formed
by a maximum principal stress oriented north-south, a mean principal
stress oriented east-west, and a minimum principal stress oriented
vertically. Pervasive joint sets in the Precambrian rocks may have
developed during Precambrian time, but these were largely masked
by a stronger Laramide joint pattern. Laramide-age movements on
the major faults of the area thrust Casper Mountain northward, and
the amount of horizontal transport may have been substantial.

Although prospecting for chromite and asbestos has been fairly ex-
tensive on Casper Mountain, the area has not shown potential for either
mineral sufficient to support workings.

1Department of Geology, University of Akron, Akron, OH 44325

Geochemical studies of wells, seeps, and springs on Casper Moun-
tain indicate that the quality of ground water is greatly influenced
by terrain and rock composition. Water from granitic and metasedi-
mentary terrain is a hard calcium bicarbonate water, and that from
a serpentine terrain is a hard magnesium bicarbonate water.

INTRODUCTION

The core of Casper Mountain, at the northernmost tip
of the Laramie Mountains in south-central Wyoming,
is composed of a Precambrian metamorphic complex
that has been intruded and deformed by a series of
granitic and mafic-ultramafic intrusive rocks. This
association of granite and mafic-ultramafic rock is
similar to Archean greenstone belts elsewhere. The
metamorphic sequence includes quartzite and meta-
graywacke interlayered with, and intruded by, the first
of two recognizable generations of mafic-ultramafic
lenses and dikes. Both the older mafic-ultramafic rocks
and the metasedimentary rocks were cut first by
granitic rocks and a second generation of mafic-
ultramafic intrusive rocks and later by lenses and dikes
of hornblendite, diabase, and rhyolite. The metamorphic
complex is geologically interesting for the series of
mafic-ultramafic intrusive rocks and the chromite and
asbestos deposits associated with them.

Casper Mountain is an east-trending, doubly plunging
anticline bounded by the high-angle Casper Mountain
fault on the north. On the south, southeast, and west,
a cover of Phanerozoic strata limits the exposures of
the Precambrian rocks. Of considerable interest is the
structure of Casper Mountain, especially the type and
extent of thrusting on the Casper Mountain fault.

In the Precambrian rocks, mega- and micro-fractures
trend predominantly east-northeast and less conspicu-
ously north-south. These fractures suggest a complex

1



2 PRECAMBRIAN GEOLOGY OF CASPER MOUNTAIN, WYOMING

structural pattern closely related to not only Precam-
brian tectonics but also to the Laramide orogeny, when
vertical movement and thrust faulting modified the ma-
jor crystalline terrains of Wyoming.

Casper Mountain is 10 km due south of the city of
Casper, in east-central Wyoming. Casper Mountain
Road, an extension of South Wolcott Street in Casper,
crosses the central part of the mountain from north to
south. A gravel road along the mountain crest provides
access to the easternmost and westernmost exposures
of Precambrian rocks on the mountain. Many parts of
the north face of the mountain can be reached by un-
maintained ranch roads, but ranchers’ permission is
necessary to use these roads or to enter the area.

Casper is at an elevation of 1,566 m above sea level;
Casper Mountain ranges from 2,230 to 2,462 m. Due to
this elevation difference, Casper Mountain averages
10-15°F cooler than Casper. Casper’s mean January
temperature is 33.6 °F and its mean July temperature
is 87.1°F.

Elevation, precipitation, temperature, and soil type
account for the variation in vegetation from the base
to the top of the mountain. At the base, sagebrush
grows in the dryer areas, and narrowleaf cottonwoods,
boxelders, and willows grow in more moist areas adja-
cent to streams. Higher on the slope the sagebrush
gives way first to juniper and ponderosa pine and then
to lodgepole pine and subalpine fir. On the very top of
the mountain, limber pine, subalpine fir, lodgepole pine,
and quaking aspen predominate. Due to the high winds,
low precipitation, low temperatures, and poor soils,
large areas of the mountaintop are treeless. Infertile
soils are underlain by serpentinite, which lacks alkali
and lime, necessary ingredients for plant growth. Tree-
less areas underlain by granite are perhaps due to lack
of soil and the harsh climate. These treeless areas are
covered with grasses and dwarf shrubs and resemble
tundra. Sagebrush is common in alluvial areas where
some soil has built up.

Most previous work on the geology of the mountain
and adjacent areas has been described in master’s
theses. A composite of these theses was published in
areport entitled “The Precambrian Complex of Casper
Mountain—A Preliminary Paper’’ (Burford and others,
1979). Earlier, Beckwith (1939) briefly described the
geology of the mountain, emphasizing the asbestos and
chromite deposits. In 1965, the Wyoming Geological
Association published a geologic map of Casper Moun-
tain, focusing primarily on sedimentary rocks. In 1978,
the Wyoming Field Science Foundation published a
“Field Guide to the Casper Mountain Area” (Knittel,
1978). This nature guide (in color) describes the geology,
vegetation, and wildlife of the mountain and surround-
ing areas.

The Precambrian rocks of Casper Mountain were
mapped as part of the U.S. Geological Survey’s studies
of the geologic framework of Precambrian crystalline
areas in Wyoming. The data collected for this report,
including those of economic importance, will be used to
expand the framework studies.

The authors mapped and studied the Precambrian of
Casper Mountain during the 1979-80 field seasons. A
geologic map of the Casper Mountain Precambrian was
subsequently published in 1982 as a U.S. Geological
Survey Open-File Report, which this report supersedes.
Subsequent laboratory studies done for this report in-
clude both rapid rock chemical analyses and semiquan-
titative spectrographic analyses, modal analyses, study
of X-ray powder patterns and cathodoluminescence,
probe work, and unit-cell measurements. The classifica-
tion of rocks is based on modal analyses, aided by X-ray
powder patterns for the identification of individual
minerals, and rapid rock chemical analyses. Grain size
in most cases allowed at least 800 counts per thin sec-
tion, and this number was considered adequate to
calculate relative mineral percentages.

Rapid rock chemical analyses, done according to the
techniques outlined by Shapiro and Brannock (1962),
and semiquantitative spectrographic analyses were
used in determining rock composition. These analyses
were made by the U.S. Geological Survey; individual
analysts have been credited in the appropriate tables.
For most samples analyzed by semiquantitative
spectrographic methods, the precision of each result is
defined by the standard deviation of any single deter-
mination and should be taken as plus 50 percent and
minus 33 percent.

The authors acknowledge the contributions of the
following researchers to this study: Richard Phillips
identified the feldspar in the pebble conglomerate and
determined its composition from unit-cell measure-
ments. Lorraine Schnabel identified the mineral pseudo-
ixiolite from a pegmatite mine by using X-ray powder
patterns and microprobe analyses. Arthur Burford,
University of Akron, studied the cathodoluminescence
of the quartzite-pebble conglomerate. Field photographs
used throughout the report were taken by Arthur Bur-
ford and Doiores Gable. The photomicrographs were
taken by Dolores Gable.

The authors extend special thanks to the following
people for their assistance and permission to map on
their properties: Dr. Nat Fuller, Robert Brecker, Mrs.
Percy Jones, Homer Lathrop, and Tom Milne (Hat Six
Ranch).

PHYSICAL SETTING

Casper Mountain is an east-west-trending, 38-km-
long, dissected ridge bounded on the southwest by Coal

















































































STRUCTURAL GEOLOGY 29

TABLE 8.—Rapid rock chemical analyses (in weight percent) for representative gneissic granite, granite gneiss and pegmatite, amphibolite,
and serpentinite, Casper Mountain, Wyo.
[Analysts: Deborah Kobilis for samples C-145-C-51 and J. R. Gillison for samples CA-2 and CA-3; n.d., not determined; <, less than]

Mafic Granite Migmatitic Amphibolite Serpentinite
Gneissic gneissic gneiss granite (altered (altered
granite granite and gneiss diabase) ultramafic
(Agn) (Agn) pegmatite and (Aam) rock)
(Agp) pegmatite (Asp)
(Agp)
Sample No. lc-145 2Bc-212  3¢121-80 bc-60  Oc-74  0c96-80 =51 8ca-2 ca-3
Lab No.—— D225938 W212752 W212752 D225935 D225936  W212750 D225940 D253287 D253288
$i0y=====—- 76.1 69.1 63.6 76.1 74.9 75.5 53.0 39.6 36.0
Al o0 q=—==== 13.5 15.1 18.3 13.2 13.6 14,2 4.5 2.3 1.9
Fe,0g4——=—— 1.2 2.3 1.5 0.65 0.40 0.39 2,1 9.5 17.9
FeQ———————- 0.10 1.1 1.2 .14 .26 .40 7.1 0.60 1.1
MgO————-——~ .09 1.1 1.2 .13 .21 .30 17.8 35.0 32,2
Ca0———————- .16 2,6 1.3 .33 .00 W43 12.3 .06 <0.01
Nay0-——-——- 2.8 3.6 3.9 2.5 3.7 3.8 0.38 .03 .03
KZO; ——————— 5.3 4.0 6.6 5.0 4,7 5.0 .26 .04 <.01
Hy0  —=—ee . 64 1.1 1.2 .01 .63 W43 .97 11.7 10.8
Hy0  —————= .30 0.27 0.28 .90 .16 .16 .25 .58 .80
Ti0y——————— .08 .76 .25 .06 .09 <.01 43 .03 .03
Py0g=—=—m—x .01 .13 b .03 .03 <.01 .01 .06 .06
MnO-—————— .00 .07 .07 .00 .00 .04 .19 .06 .03
CO == .01 .04 .06 .01 .01 .10 .02 .03 .04
F————— n.d. .04 .06 n.d. n.d. .02 n.d. .02 .03
Cl————————— n.d. .006 .012 n.d. n.d. .003 n.d. .01 .01
S—-——————— n.d. n.d. n.d. n.d. n.d. n.de. n.d. n.d. n.d.
Total 100, 101, 100. 99. 99. 101. 99. 100. 101.

lEast end of Casper Mountain, NW1/4SW1/4 sec. 9, T. 32 N., R, 78 W.

20n slope east of stream in NW1/4NW1/4 sec.
Northeast of Eadsville, SE1/4SW1/4 sec.
Southeast of Eadsville, SEL1/4NE1l/4 sec.

On slope west of Wolf Creek, NE1/4 sec. 13, T. 32 N., R.
On ridge in NWl/4 sec. 18, T. 32 N., R. 79 W.

On ridge, SW1/4NE1/4 sec. 11, T. 32 N., R. 80 W.

11, T.
18, T. 32 N., R.
19, T. 32 N., R. 79 W.

32 N., R. 80 W.
79 W.

80 W.

East of Garden Creek, on ridge NE1/4 sec. 17, T. 32 N., R. 79 W.
Small lens intersects road on dividing line between NE and SE sections

of sec. 7, T. 32 N., R. 79 W.

metasedimentary rocks in the south-central part of the
Precambrian rock mass. Lineations are defined in the
schistose rocks by elongate groups of platey micaceous
minerals, in the amphibolite rocks by hornblende
crystals, and in the granitic rocks by parallel feldspar
laths, biotite stringers, and hornblende. In addition,
lineations are defined by the axes of small folds and
crenulations.

A synoptic plot of all types of lineations suggests
polyphase folding (fig. 17A). While the lineations meas-
ured from metasedimentary rocks vary substantially
(fig. 17B), a major maximum plunges 2°, N. 88° E. and
is subparallel to the axis of a fold in the Precambrian

rocks in the south-central part of the area, and to the
regional trend in general. A lesser maximum that
plunges 28°, S. 76° W. may result from the faulting and
tilting of fault blocks in the area. Two other, weaker
maxima that plunge 56°, S. 18° W. and 73°, S. 25° E.
may be associated with secondary structures to the ma-
jor folds.

Mineral lineations in granitic rocks (fig. 17C) are sub-
parallel to the regional trend shown in figure 17B but
plunge 10 ° more steeply. Two maxima defined by these
lineations, but not seen in the metamorphic rocks, are
assumed to be related to the granite emplacement: these
are 17°, S, 59° W. and 15°, S. 65° E.
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TABLE 9.—Rapid rock chemical analyses (in weight percent) for
representative samples of biotite schist and biotite-feldspar-quartz
gneiss, Casper Mountain, Wyo.

[Analyst: Deborah Kobilis; n.d., not determined; <, less than]

Biotite-feldspar-

Biotite schist quartz gneiss

(Abs) (Aqf)
Field No.—- 1c-204 2¢-45 3c-152 “c95-80  “c-58
Lab No.—--- D225939 D22593 D225937 W212749 D225934
§10 === 65.3  68.0 75.8 70.4 Thob
ALy0q=mmmmmm 15,0 12.4 1.1 13.5 12.8
Fejy03-=——--— 1.3 1.4 0.51 1.2 0.55
PO, A — 4.2 3.2 3.0 1.3 1.0
VP E— 3.0 5.3 2.0 6.3 1.5
oY P —— 1.7 0.68 .22 0.59 87
Na,0--===== — 3.1 78 3.3 .8 2.0
Ky0ommmmmmmm 3.2 3.6 1.6 4.2 4.3
Hy0t ———-——— 1.5 2.5 1.7 2.2 72
Hy0 ——=-—--- 0.39 .35 .33 .56 26
T10y=—=——---- .65 .54 .35 <.01 14
P,05=—-==-=== 17 .18 .11 .02 .02
VY C— .06 .03 .03 .03 .07
I L02 .04 .02 .11 .04
Fomemm e n.d. n.d. n.d. .06 n.d.
Cl——————————— ne.d. n.d. n.d. .009 n.d.
Total————- 99. 99 100. 101. 99.

lpsbestos Springs area, NE1/4 sec. 17, T. 32 N.,
R. 79 W.
2Garnet-bearing biotite schist from ridge west
of West Garden Creek, NWl/4 sec. 18, T. 32 N., R. 79 W.
East end of Casper Mountain, SE1/4 sec. 9,
T, 32 N., R. 78 W.
Slope west of Wolf Creek, NW1/4 sec. 13,
T. 32 N., R. 80 W.
Slope east of Wolf Creek, SEl/4 sec. 13,
T. 32 N., R. 80 W.

FOLDS

The largest and only mappable flexure lies in the
south-central part of the map area, where serpentinite
and biotite-feldspar-quartz gneiss are folded about an
east-northeast-trending axis into a syncline 3 km long.
Other folds broader than several hundred meters occur
mainly in biotite-feldspar-quartz gneiss near the east
end of the mountain. Many small flexures in the schist
and gneiss, most too small to map, follow the general
foliation trend (fig. 17B).

Crinkles and small disharmonic, chevron folds occur
in the most incompetent schistose gneiss and micaceous
pegmatite. The height of these chevron folds is as great
or greater than their breadth.

FAULTS

Faults are common in the Casper Mountain

Precambrian. Generally associated with staining and
local quartz veining, they are marked by mylonite and
{or) gouge or by shear zones and slickensides.

High-angle reverse faults.—Several high-angle faults
cut across Casper Mountain and can be traced for from
1 km to almost 10 km. Most of these faults strike from
about N. 55° E. to N. 90° E.; the southeast and south
sides of most are relatively upthrown, displacements
probably reflecting Laramide movement. The faults
may have originated as strike-slip or normal faults.

Although the planes of the high-angle reverse faults
and related small faults are generally not well exposed,
where they are exposed, they dip steeply south. The
faults cut both Precambrian and Phanerozoic rock, and
displacement is as much as several hundred meters.
Faults either parallel the major Precambrian structural
grain of the mountain or follow its east-west trend.
Because the northeast trend of these faults parallels the
Cheyenne belt (formerly called Mullen Creek-Nash Fork
shear zone) 140 km to the south, we interpret them to
have a Precambrian origin and to have been reactivated
in Laramide and possibly later times. In addition,
numerous very small unmapped high-angle reverse
faults occur throughout the Precambrian terrain. Most
trend east-west and dip steeply south.

High-angle normal faults.—At least one east-
northeast-trending normal fault, having a relatively
small displacement, can be traced for 8 km across the
central part of the mountain. Other normal faults that
have short traces are common but are too small to map.
The northward dip of many of these suggests they
formed as antithetic faults in Laramide time.

Strike-slip faults.—Numerous steeply dipping faults,
having mainly strike-slip displacement, cut all rocks.
Predominant strike-slip movement is indicated by low-
plunge fault striae; many faults are probably related to
the later Laramide deformation.

Other high-angle faults.—Innumerable high-angle
faults, most either too short or too indistinct to map,
cut the Precambrian rocks. Amounts of displacement
cannot be determined. One set of relatively small faults,
however, is apparent throughout much of the Precam-
brian; these faults are especially abundant in sec. 10 and
11 of T. 32 N., R. 30 W. They are almost universally
marked by quartz veins that vary in thickness from less
than 1 cm to several centimeters, by banded granitic
veins, by red hematite staining, and by epidote and
specularite coatings. The faults range in strike from N.
70° E. to N. 90° E. and dip mainly south at from 70°
to 90°. The faults are confined to the Precambrian ter-
rain and may be related to the dominant east-northeast
structural grain.

JOINTS

All of the Precambrian rocks are highly fractured,
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TABLE 10.—Semiquantitative spectrographic analyses for biotite gneiss (Abg and Abs), Casper Mountain, Wyo.

[Analysts: C-204 and C-45, N. M. Conklin; all others by J. L. Harris. ---, not found; L, detected but below limit of determination; >, greater than; G, greater
than 10 percent; n.d., not determined]

Field No.——- lCls-80 2c87-80 C-204 3¢-27 4¢-109 5Bc-22 C-45
Lab No.--—--— W212745 W212747  D225939  W212737  W212742  W212735  D225933
(Abg) (Abs) (Abs) (Abs) (Abg) (Abs) (Abs)

Major elements, in percent

Si——mm e 33.0 34.0 G 23.0 534.0 >34.0 G
Al-——————= — 12.0 11.0 10.0 8.9 10.0 9.8 7.0
Fe—————mmm—- 1.7 6.5 7.0 6.7 5.2 5.7 3.0
Mg--—-----—  0.98 2.4 0.7 3.0 1.8 2.0 3.0
Ca==————=——m 3.7 3.1 2.0 1.6 2.9 2.5 0.3
Na=m=—mmm=—— 7.0 2.7 3.0 3.2 3.2 3.2 .7
O — 1.4 2.4 3.0 3.3 2.1 2.2 3.0
Ti=————————m .23 0.22 .3 0.28 0.23 .23 .3
P .09 .09 -— .11 .13 .07 I
M= ~—=m————— .03 .10 .07 .10 .06 .08 .03
Trace elements, in parts per million
P —— 20 <7 pa— 11 7 6 15
Ba—————————- 380 560 700 460 530 690 700.0
Be-—————-—— 2 4 1 2 2 2 1
Cemm—mm-m—-mn <63 <43 -—- <43 <43 51 150
Commmmmmmm - 5 19 20 34 17 21 15
Cr————mmmm—m 10 250 300 250 230 180 70
Cu—mmmmmm e 3 41 70 26 42 40 30
Ga—————————- 24 22 20 26 18 22 15
La=———————— 33 31 30 22 15 16 70
Np——=mmmmmm 11 8 L 6 7 11 15
Nd===—m=m—— <32 <32 - <32 <32 <32 <32
Ni-——mmmm—mm 7 63 70 110 42 68 70
Phmrmmm e 18 14 20 15 39 30 15
Se—————————- 6 15 20 22 16 16 7
Sn=———m 3 2 -— <2 <2 <2 -
Sp=———————mm 730 650 700 400 450 500 70
| ——— 42 100 150 130 99 99 70
) 14 7 15 8 6 9 70
Yb——m—m———— 2 1 2 1 1 2 7
Zn-————————m 48 79 -— 110 80 140 -
A 88 150 150 73 91 120 300
Major elements recalculated as oxides, in percent
§10,———--—= 71.0 >73.0 n.d. 49.0 >73.0 73.0 n.d.
%1203 ——————— 23.0 21.0 n.de. 17.0 19.0 19.0 n.d.
Fey0q——=——- 2.4 9.3 ned. 9.6 7.4 8.2 n.d.
MgO=—=m e 1.6 4.0 n.d. 5.0 3.0 3.3 n.d.
Ca0-—=—=-~ — 5.2 4.3 n.d. 2.2 4.1 3.5 n.d.
Najy0-—-m==mmm 9.4 3.6 n.d. 4.3 4,3 4.3 n.d.
Ky0=mmmmm- — 1.7 2.9 n.d. 4.0 2.5 2.6 n.d.
TiO2 ————————— 0.38 0.37 n.d. 0.47 0.38 0.38 n.d.
Py0g-m=====-= .20 .21 n.d. .25 .30 .16 n.d.
MnO-—mm—————— .04 .12 n.de. .13 .07 .10 n.d.
lRidge west of Wolf Creek,SE1/4 sec. 12, T3. 2 N., R. 79 W.
gRidge west of West Garden Creek, SEl/4 sec. 7, T. 32 N., R, 79 W.

Slope west of Elkhorn Creek, NE1/4 sec. 9, T. 32 N., R. 79 W,

Garnet-bearing biotite gneiss from Elkhorn Creek, NW1l/4 sec. 16, T. 32 N., R. 79 W.
Garnet-bearing biotite schist from ridge east of West Garden Creek on north half
of N-$ line separating sections 17 and 18, T. 32 N., R. 79 W.

Total iron recalculated as Fe,03.
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TABLE 11.—Semiquantitative spectrographic analyses for biotite-
feldspar-quartz gneiss, Casper Mountain, Wyo.

{Analysts: C-60 and C-74, N. M. Conklin; C95-80 and C62-80 by J. L. Harris. -—-, not found;
<, less than; >, greater than: G, greater than 10 percent; n.d., not determined]

Biotite-feldspar-
quartz gneiss

Cordierite-
biotite-quartz-

(Aqf) feldspar gneiss
(Aqf)
Field No.- c95-80 c-152 lce2-80 c-58
Lab No.-=-- W212749 D225937 W212746 D225934
Major elements, in percent
Si-—————— 34,0 G >34.0 G
7.0 7.0 8.2 7.0
2.0 3.0 1.5 1.5
2.2 1.5 1.8 0.7
0.11 0.3 0.09 .7
.84 3.0 W42 3.0
3.4 1.5 2.3 3.0
.07 .15 .08 .07
<.07 -— <.07 —-—
.02 .03 .03 .07

B-—=-——-—— 10 -— 17 -—
Ba—~=—--—— 530 500 550 700
Be-—---—-- 2 2 3 1
Ce—-m=-——- <43 - 61 -—
Co--~—-——- 3 15 2 7
O - 2 100 15 2
Cu~~--———- 12 15 4 20
Gamm=———m- 20 15 14 20
La------—- 26 30 60 -—
Li----—— 78 -— <68 -
Nb-=----—- 12 10 26 10
Nd--—--- — <32 -— 40 -—
Ni—=—mm=mm 3 30 17 3
Pp-——--—-- 10 -— 11 30
Sgm=mm—-mn 2 7 3 —
N 10 -— 3 -—
Spm—-—--m- 31 200 21 70
Vommmm———— 11 70 5 -—
Yomommmer 10 20 21 20
Yp-—-m-mm- 2 2 3 2
Zn-——=--—= 46 -— 32 —
Zr-——-m—— 60 150 96 70

1Ridge west of Squaw Creek, NW1/4 sec. 13, T. 32 N.,
R. 80 W.

joints being the primary form of fracture. Many of the
joints are systematic, others are nonsystematic, and
some are curved, especially those in the eastern half of
the Precambrian core. Some joints are slickensided, and
some are mineralized by quartz, specularite, red
hematite, and calcite.

Joints of apparent Precambrian origin are much less
obvious than those related to the Laramide. The
description and analysis of most joints is, therefore
deferred to the later section on Laramide structure.

However, one system that apparently originated in
Precambrian time appears in the analysis of all joints
(fig. 18). This Precambrian system has only two
moderately developed sets that have preferred orienta-
tions of strike N. 67° W., dip 86° SW. and strike N. 84°
W., dip 80° NE. (F and G, fig. 18). Because all possible
interpreted stress axes are plunging and none is horizon-
tal, it appears that the system was probably tilted and
reoriented after its formation.

LARAMIDE STRUCTURES

During Laramide time some of the Precambrian struc-
tures were reactivated, especially many faults. It is also
possible that some reactivation and deformation oc-
curred during post-Precambrian, pre-Laramide, and
post-Laramide time. However, the dominant structural
elements belong to either the Precambrian or the
Laramide, or both. Structures of Laramide origin over-
print those of Precambrian origin.

FOLDS

Casper Mountain is a major east-west-trending asym-
metric anticlinal flexure, defined by its Paleozoic and
Mesozoic sedimentary strata (pl. 1). The flexure is deep-
ly breached, exposing the Precambrian core in the east
and central part of the mountain. Sedimentary strata
of the north flank dip steeply north; those of the south
flank dip very gently south. The east-west-trending
Casper Mountain fault cuts the north flank of the an-
ticline throughout its length, and the entire flexure is
highly fractured and faulted.

The anticlinal form of Casper Mountain is not
reflected within the Precambrian core. Rather, foliation
of the core strikes mainly east-northeast and dips
generally steeply south. The constancy of the foliation
pattern indicates that the Precambrian rocks did not
flex or deform plastically during the formation of the
Casper Mountain anticline in Laramide time, but must
instead have yielded by fracture. The blocks and slices
within the mountain accommodated uplift along more-
or-less parallel faults without appreciable rotation. A
similar mode of deformation is suggested by Stearns
and others (1975) for uplifts of southwestern Wyoming.
Some of the local divergence of the general foliation pat-
tern may have resulted from differential movement,
tilting, or minor rotation of the individual blocks or
slices during uplift.

The flexure of Casper Mountain was probably formed
by a maximum-principal-stress axis oriented north-
south, a mean-principal-stress axis oriented east-west,
and a minimum-principal-stress axis oriented vertically.
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TABLE 12.—Semiquantitative spectrographic analyses for mafic-ultramafic rocks, Casper Mountain, Wyo.

[Analysts: C-51, CA-2, CA-3, N. M. Conklin; all others by J. L. Harris. ---, not found; H, occurrence of unresolved interference; <, less than; >, greater than]
Amphibolite Chromite- Interlayered
layer in rich fuchite schist
Ultramafic rocks  Amphibolite Serpentinite chromite schist and quartzite
(Au) (Aam) (Asp) schist (in Acs) (in Aq)
(Aam)
Field No.- l!c-213  %c79a 3c-51 4-70  Sca-2  °ca-3 7c-86 8¢-92 9¢c-1054
Lab No.——— W212744 W212739 D225940 W212738 D253288 D253288 W212740 W212741 W212748
B—————— — 25 10 - 18 30 - — —-— 13
Ba———-———- - 8 30 - 7 7 - 4 150
Co————-—- — 75 75 70 81 70 150 55 190 -—
Cr———————- 810 2,700 1,500 3,000 2,000 2,000 1,800 6,800 110
Cu———————- 4 12 70 3 — 7 7 84 4
Ga=———m——- - 3 10 -— - - 7 53 4
La-=———==—— - — — —_— - —_— - — 15
Nb~—=====—- —_— 5 —_— — - — 5 10 5
Ni-——=——— 2,800 880 300 2,500 1,500 1,500 400 1,200 2
Pb———-——-- - - —_— — —_— —_— —_—— 12 9
S¢c————-- — -— 18 70 - -— - 9 4 2
Sp———————- - 3 —_— - ———— —_— - H -
Sr——-——— - - 15 - - ——n -—- - —-—
Voo 8 67 150 29 -_— 30 62 500 15
Y-——————— - - 15 - — —_— - -— 14
Yb—————— - - 2 — —_— _— — e 3
Zn——————-— 78 110 — 65 —_— -— 140 1,200 —-—
Zp=——————— —_— 10 20 - —— -— 6 36 200
lyogadon ski area, NE1/4 sec. 18, T. 32 N., R. 79 W.
South edge of map area NW1/4 sec. 20, T. 32 N., R. 79 W.

Ridge east of Wolf Creek, NW1/4 sec. 18,
Camp Sacajawea area, NWi/4 sec. 20, T, 32 N., R,
East of Garden Creek, on ridge NEl/4 sec. 17, T.

4

T. 32 N., R. 79 W.

79 W.
32 N., R. 79 W.

Small lens intersects road on dividing line between NE and SE sections of

sec. ;, T. 32 N., R. 79 W.

West of Casper Lions camp, SW1/4 sec. 16, T. 32 N., R.79 W.
est of Camp Wyoba, NE1/4 sec. 20, T. 32 N., R. 79 W.

West of Casper Mountain drive, NW1/4 sec. 16, T,

FAULTS

High-angle reverse faults.—The long and prominent
Casper Mountain fault extends along the entire north
flank of the mountain. Its trace is marked by much
hematite staining, by fault breccia, and by slope change
from pediment to steep mountain slope. The remarkable
straightness of the general trace of the fault indicates
that the fault dips steeply. Locally, however, the trace
isirregular, suggesting that the dip may be more mod-
erate. The south dip of the fault is demonstrated by a
petroleum exploration well, Government-Donley Well
No. 1, spudded in Precambrian rock in SW4NW4, sec.
7, T.32 N., R. 78 W, approximately 100 m south of the
interpreted trace of the fault. Sedimentary strata were
encountered beneath Precambrian rocks at a depth of

32 N., R. 79 W.

about 175 m; the fault dip, as calculated, is 50° to the
south.

The above data suggest the main mass of the moun-
tain was thrust up and to the north along the Casper
Mountain fault against the Mesozoic strata of the
Powder River Basin and the Casper Arch. This
thrusting is similar to that of the north end of the main
part of the Laramie Mountains that lies southeast of
Casper Mountain (Gries, 1981). The thrusting along the
Casper Mountain fault suggests a southward-plunging
maximum-principal-stress axis, ¢; an east-west,
horizontal mean-principal-stress axis, o,; and a north-
plunging minimum-principal-stress axis, o,. Most of
the previously discussed Precambrian high-angle
reverse faults, and some of the longest faults on Casper

Mountain, cut and displace the overlying sedimentary
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FIGURE 16.—Synoptic equal-area, lower-hemisphere projection
of 346 poles to foliations for all Casper Mountain Precambrian
rocks. Contours, 12, 10, 8, 6, 4, 2, 1, and 0.3 percent per 1 per-
cent of area.

rocks and also the Casper Mountain fault, indicating
minor reactivation in Laramide time.

High-angle normal faults.—Some north-dipping high-
angle faults occur near south-dipping high-angle reverse
faults in the north half of the mountain and appear to
be antithetic in nature, related to the Laramide
deformation.

Strike-slip faults.—Several strike-slip faults displace
the Casper Mountain fault; some are right-lateral and
strike north-northwest, some are left-lateral and strike
north-northeast. The orientation and traces of many are
best determined by interpretation of aerial photographs.
Displacements on these faults are commonly as much
as 100 m.

These strike-slip faults appear to belong to a con-
jugate system that formed by a maximum-principal-
stress axis oriented north-south, a mean-principal-stress
axis oriented vertically, and a minimum-principal-stress
axis oriented east-west.

Other high-angle faults.—A north-south high-angle
fault cuts across the Precambrian rocks and adjacent
sedimentary rocks of the north and south mountain
flanks. Its displacement, although small, appears to
divide the mountain into an east half and a west
half that are displaced, more or less, as units. The rela-
tive displacement is left lateral. Because the fault is

approximately perpendicular to the axis of the anticlinal
fold of the mountain, it probably formed as an exten-
sional fracture compatible with the north-south orien-
tation of the maximum principal stress suggested by
the fold.

Low-angle reverse faults.—One east-northeast-
trending fault plane is exposed in the NEY sec. 9 and
in the NWY sec. 10, T. 32 N., R. 80 W. In section 9 it
dips 49° south-southeast; near the common border of
sections 9 and 10, it dips 35 ° south-southeast. Although
most of the east- and northeast-trending faults are high-
angle as inferred from straight traces, some of the ac-
cessory shears may in part be of low angle.

Other low-angle reverse faults in the Precambrian
core are too small to map. These trend mainly easterly
and dip to the north and to the south. The low-angle
faults were probably formed by a maximum principal
stress oriented generally north-south, a mean principal
stress oriented generally east-west, and a minimum
principal stress oriented vertically.

JOINTS

Most of the prominent joint sets in the Precambrian
rocks appear to be of Laramide age. They overprint
older sets of Precambrian and Phanerozoic ages. Two
sets are recognized as of probable Precambrian age. The
orientations of 390 joints from prominent or dominant
sets are shown in figure 18. Seven joint sets having
maxima of more than 2 percent are labeled “A” through
“G.” Of these, two maxima, A and C, are exceptionally
well developed, accounting for as much as 6 or 7 per-
cent of the total. Two of the minor joint sets having
maxima of less than 2 percent, represented by ‘“h”’ and
“i,”” are possibly related to one or more of the major
maxima A-C.

The preferred orientation of each joint set and the in-
terpreted conjugate joint systems appear in table 14.

The orientations of these joint sets are diagram-
matically shown in the block diagrams of figure 19.
Figure 19B-D shows sets that intersect or very nearly
intersect along mutual lines; these are interpreted to be
related to the same joint system. When subjected to dif-
ferential stress, rocks tend to fracture along three
planar orientations: two complementary shears in-
tersect at an acute angle that is bisected by the third
extension joint and the axis of maximum principal com-
pressive stress, o, (Nevin, 1949; Anderson, 1951; Bill-
ings, 1972). The axis of minimum principal compressive
stress, o,, bisects the obtuse angle of the complemen-
tary shears. The axis of mean principal compressive
stress, o,, completes the stress field, is perpendicular
to o, and o,, and is defined by the intersection of the
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TABLE 14.—The preferred orientations of joint sets and interpreted
conjugate joint systems to which they belong

Value in
Maxima percent Approximate
per preferred
1 percent orientations
of area
System I
A 4=7 E.-W., 5° s.
B 2-3 E.-W., 30° N,
i 1-2 E.-W., 50° S.
System II
C 4-7 N.-S., 90°
D 2-3 N. 25° E., 90°
E 2-3 N. 28° W., 90°
System III
F 2-3 N. 67° W., 86° sw.
G 2-3 N. 84° w., 80° NE.
h 1-2 N. 76° E., 65° Nw,

TABLE 15.—Paired stereographic solutions of plane intersections

Plunge of line
of intersections

Paired maxima
and minor

concentrations ( Ob)
F, h N. 722 W., 487
F, G N. 720 W., 537
G, h N. 77° W., 46
Average = N. 73° W., 49°

rocks and the syntectonic intrusive rocks. In general,
many of the linear elements in the Precambrian rocks
were formed by secondary flowage during plastic defor-
mation that accompanied the regional metamorphism.

Foliation trends in the schist and gneiss of the Casper
Mountain Precambrian indicate that folding occurred
along east-northeast-trending axes. This folding is in-
dicated on the map (pl. 1) by the flexure of the schist-
gneiss-serpentinite complex in an area otherwise
dominated by regular, steeply dipping foliation trends.
Because the much less deformed Cambrian Flathead(?)

Sandstone overlies the Precambrian sequence, we con-
clude that this folding occurred during Precambrian
time. Subsequently, the Precambrian rocks were
displaced mostly along major high-angle faults of east-
northeast trend.

The dominant Precambrian structural grain on
Casper Mountain also probably controlled or influenced
the emplacement of the granitic bodies on the moun-
tain as well as the ultramafic parent rock (now serpen-
tinite). This structural grain, which is subparallel to the
grain of other Precambrian rock masses in southeastern
Wyoming, was overprinted by the Laramide deforma-
tion. On Casper Mountain, the anticlinal axis and the
Casper Mountain fault of Laramide time trend east-
west across this Precambrian grain. That the Precam-
brian structures have influenced the Laramide deforma-
tion is indicated by the reactivation or formation of
many east-northeast-trending faults. Whereas some
dislocation may be very recent, offsets of pediment
gravels and alluvium are not apparent.

Strongly manifested, locally horizontal tectonic forces
were responsible for the Laramide folding, probable
thrusting, strike-slip faulting, and much of the jointing.
Regionally vertical tectonic forces, attested to by the
magnitude of the structural relief between Casper
Mountain and the adjacent basins, were also important.

The east-west trend of the anticlinal axis of Casper
Mountain indicates north-south maximum compres-
sional stress. The two most prominent joint systems,
I and II, are compatible with this stress. System I was
probably directly related to the folding, but system II
probably formed after the folding and probable
thrusting. The strike-slip faults related to system II off-
set the reverse faults related to system I.

ECONOMIC GEOLOGY

Since the 1890’s, prospectors have looked for mine-
able quantities of chrysotile asbestos, chromite, beryl,
copper, gold, feldspar, and other minerals (Beckwith,
1939; Osterwald and others, 1959). Although prospect-
ing for chromite and asbestos has been fairly extensive,
the area has not shown potential for either mineral suf-
ficient to support workings. Except for feldspar mined
from one of the largest pegmatite bodies, little produc-
tion has been recorded for the area (Burford and others,
1979). As a result, the economic importance of Casper
Mountain lies not in its sparse mineral wealth, but in
its climate as compared to Casper, its ski area, and in
the forest that partly covers the mountain.

SUMMARY AND CONCLUSIONS

The exposed Precambrian (Archean and Proterozoic)
igneous and Archean metasedimentary rock core of
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Casper Mountain is flanked by sedimentary rocks of
Cambrian(?) through Upper Cretaceous age, forming an
asymmetric anticline. The geologic events that affected
this area fall into the same regional pattern as that
described for the Granite Mountains (Peterman and
Hildreth, 1978) and the northern Laramie Mountains
(Hills and Armstrong, 1974).

The Wyoming basement that is older than 3.2 b.y.,
consisting of mafic and granitic rocks, is not exposed
on Casper Mountain, where the first event to be re-
corded is the deposition of sediments. Sedimentation
resulted in a layered sequence of sandstone, siltstone,
shale, and graywacke that were derived from a weather-
ing foreland of probable granitic origin. This sedimen-
tation was accompanied by eruption and emplacement
of minor mafic extrusions and intrusions that included
mafic dikes and sills of diabase and perhaps some gab-
bro. Younger granitic rocks replaced nearly all of the
older sedimentary record. In the Granite Mountains
area a minimum age of 3.2 b.y. was determined by R. E.
Zartman and J. S. Stacey (U.S. Geological Survey, 1979,
p. 190) for a series of metasedimentary rocks similar to
those on Casper Mountain.

At about 2.8 b.y. a regional high-grade dynamic
metamorphism (Peterman and Hildreth, 1978) trans-
formed the sedimentary pile into metasedimentary
quartzite and foliated schist and gneiss. The mafic-
ultramafic igneous rocks in the sedimentary pile were
transformed into amphibolite or schistose amphibolite
and epidosite. This regional metamorphism was accom-
panied by the emplacement of new and larger mafic-
ultramafic bodies and associated lenses in the central
part of the mountain. Cummingtonite, ferrogedrite, and
anthophyllite formed in appropriate mafic and
ultramafic rocks during the waning stages of this high-
grade metamorphism. Granite emplacement took place
at about 2.6 b.y. (Peterman and Hildreth, 1978; Johnson
and Hills, 1976). Granite gneiss and pegmatite, dated
at 2.56 b.y. (Hills and others, 1968), formed closely
following emplacement of the granite intrusions.
Diabase dikes, associated with this intrusive event,
yield ages of 2.5 b.y. (Johnson and Hills, 1976) and
2.6 b.y. (Stuckless and others, 1977). Late mafic-
ultramafic magma in the form of lenses and pods and
irregular masses intruded the granite, granite gneiss,
and serpentinite; these are now recognized mostly as
hornblende diorite and hornblendite. The youngest
leucocratic intrusive rocks (not dated in the Casper
Mountain area) are rhyolitic dikes that intrude horn-
blendite, gneissic granite, and granite gneiss and
pegmatite. The rhyolitic dikes not only caused the brec-
cia in hornblendite but intruded along faults west of
Wolf Creek. At approximately 1.7 b.y. a thermal event
(Hills and Armstrong, 1974) brought about a regional
retrograde metamorphism of greenschist facies. In the

Casper Mountain area this retrograde metamorphism
is recognized only by the generation of retrograde
minerals. The youngest and least altered diabase intru-
sions entered the area following the retrograde
metamorphism. Some dikes intruded along Precam-
brian east-northeast-trending faults and fractures.
Similar mafic dikes as young as 700 m.y. (Condie and
others, 1969) occur in central and western Wyoming.

The multiple injections of mafic-ultramafic magma in-
to the Casper Mountain area over an extended period
of time indicates the area was open to emplacement of
what is believed to be magma derived from the mantle.
Deep subcrustal thrusting along fractures or zones of
weakness extending along the northern Laramie Moun-
tains may have provided the access the magma needed
to penetrate the area. This supposition is supported by
textural patterns in olivine (Augustithis, 1979, p. 37)
in the Casper Mountain serpentinized peridotite. This
early fracturing may have been the forerunner to the
larger Proterozoic fracturing and uplift postulated by
Peterman and Hildreth (1978). They suggest this event
occurred along a major discontinuity extending from
the southeastern tip of the Wind River uplift across
Wyoming through the Granite Mountains and across
the northern Laramie Mountains. According to Peter-
man and Hildreth, Casper Mountain and the northern
fringe of the Laramie Mountains are now part of a
stable block north of the uplift. The Archean of Casper
Mountain and the northern Laramie Mountains is
3.0-3.2 b.y. old (Johnson and Hills, 1976), whereas just
south of this major discontinuity in the Laramie Moun-
tains, rocks yield increasingly younger ages, decreas-
ing southward to 1.6-1.4 b.y.

The structural grain of the area is attributed to the
pervasive regional high-grade plastic deformation dur-
ing the Precambrian. This Precambrian structural grain
is mostly defined by foliations, lineations, faults, some
jointing, and minor folds. It runs approximately east-
northeast. Superimposed on this Precambrian fabric is
a very strong east-northeast to east-west Laramide
structural pattern that has reoriented much of the
Precambrian regional structural pattern of Casper
Mountain and surrounding areas. Both horizontal and
vertical tectonic forces related to Laramide deformation
are important in determining the present structural pat-
tern. During Laramide time, the youngest sedimentary
rocks on Casper Mountain were folded, forming an
asymmetrical anticline. However, Precambrian rocks
along the crest of the Casper Mountain anticline and
on its least deformed limb were not refolded. It is
probable they were deformed by brittle fracture. During
this time of uplift and downwarp, regional thrusting
caused large blocks of country to move north, Casper
Mountain among them. Precambrian rocks in Casper
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Mountain have been thrust northward over the younger
sedimentary rocks along the Casper Mountain fault.

The amount of horizontal displacement is uncertain.
Horizontal transport of several hundred meters is sug-
gested by the stratigraphy in the area immediately
north of the Casper Mountain fault. Movement on the
order of 10-15 km is suggested by the structures east
of Casper Mountain (Love and others, 1979). It is also
possible the movement was in a north-northeasterly
direction sandwiched between the Casper Mountain
fault on the north and the Muddy Mountain-Deer Creek
fault on the south (fig. 1).

GEOCHEMISTRY OF GROUND WATER
By Robert G. Corbett

According to Crist and Lowry (1972), who provide the
only information concerning the composition of ground
and surface water in Natrona County, less than 10 per-
cent of the county is underlain by igneous and metamor-
phic terrain, and only two water samples from such
terrain were analyzed. They provide no data concern-
ing the nature and composition of groundwater in the
igneous and metamorphic terrain of Casper Mountain.

Samples from 34 wells, springs, and seeps in the im-
mediate area of Casper Mountain were collected in the
summer of 1979. The pattern of sampling was deter-
mined solely on the basis of availability. Local residents
were helpful in identifying the location of many of the
springs.

FIELD COLLECTION AND ANALYSIS

Seeps, springs, and wells were sampled as close to the
water source as was practicable. All seeps and most
springs were sampled at the point of emergence of the
water. Most wells were sampled between pump and the
pressure tank. Because of the probable contamination
of water by pump, pipe, and tank, not all of the wells
sampled are included in this report. New 1-L, collapsi-
ble polyethylene containers (cubitainers) were used to
store the samples. One sample from each site was
acidified with doubly distilled nitric acid to preserve the
sample until laboratory analysis. A second nonacidified
sample was also collected. Alkalinity and pH were deter-
mined in the field by electrometric titration to end
points at pH 8.3 and pH 4.5 as soon after collection as
possible. In every instance the analysis was completed
within 2 hours of collection. The temperature of water
at most sites was recorded.

Sample localities shown in figure 20 and in table 16
represent only springs and seeps associated with known

bedrock. Codes shown in table 16 for localities follow
the scheme given below; for sample 22, the code 32-79-8
cda refers to a locality in sec. 8, T. 32 N., R. 79 W.
Following the convention of the Federal system of land
subdivision in Wyoming, the letter “a’ refers to the
northeast quadrant and the remaining letters “b,” “c,”
or ““d,” going in a counter-clockwise direction, indicate
northwest, southwest, and southeast quadrants,
respectively.

R 79 W
b a
T Sec
32 8
N
b a
S ’ d
b a
c —-dﬁ_22
c I d

LABORATORY DETERMINATION

Cation analysis was by direct atomic-absorption spec-
trometric methods, using a 2Perkin-Elmer model 460,
a procedure similar or identical to methods described
by Brown and others (1970) and by Skougstad and
others (1979). Concentrations of chloride were deter-
mined by the Mohr titrimetric method; of sulfate by the
barium-sulfate turbidimetric method, using the
SulfaVer modification of the Hach Chemical Company;
and of fluoride by the ion-selective electrode method,
using an Orion 409 water fluoride system. Specific con-
ductance was measured in the laboratory using a
Beckman Conductivity Bridge, model RC-13C, and the
result computed for 25°C.

CHEMICAL COMPOSITION
OF SEEPS AND SPRINGS

Data are grouped in table 15 by geologic source
associated with the water. For purposes of this study,
samples were related to geology using the preliminary
map of Burford and others (1979} and of Gable and Bur-
ford (1982). The general categories for geologic source
of the water are (1) granitic rocks and soils, (2) serpen-
tinite and related rocks and soils, and (3) sedimentary

2Any use of trade names is for descriptive purposes only and does not imply endorsement
by the U.S. Geological Survey.
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GEOCHEMISTRY OF GROUND WATER

EXPLANATION

SOURCE OF WATER

Granitic rocks
Serpentinite

Soil associated with
serpentinite

Sedimentary rocks

\/
2 % — % % $ > o O s
CATIONS ANIONS

FIGURE 22.—Piper diagram showing average composition of water from granitic rocks, serpentinite, sedimentary rock, and soil
associated with serpentine bedrock. Ternary diagram showing variation in cation composition (milliequivalents per liter) on
lower left; ternary diagram showing variations in anion composition (milliequivalents per liter) on lower right; summary diagram
(center diamond) representing overall composition of water samples. Data plotted are shown below.

Percent milliequivalents per liter

Source Cations Anions
of
Water Ca Mg Na+K Cl1 S0, HCO,+CO,4
Granitic rock ......... ... . ... ... . ... 60.6 36.4 2.9 2.2 2.4 95.4
Serpentinite ............ ... ... ... ... .. 45.0 52.6 2.4 38 0 96.2
Sedimentary rock ........... ... ... ... . 60.2 37.4 2.4 31 6.0 91.0

Soil associated with
serpentine bedrock ................. . 374 616 1.1 1.3 05 98.1

45
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EXPLANATION
SOURCE OF WATER

& Granitic rocks
¢  Serpentinite
®

Soil associated with
serpentinite

O  Sedimentary rocks

7 samples contain <1.0 percent
me/L SO4 and <5.0 percent me/L
Cl, and all plot in lower-left corner

\é \/ \/
[s)) -~ pA 2 [ O O O
° ° 4 o ] v ¥ cl < D
CATIONS ANIONS

consistent influence on the composition of springs and | calcium bicarbonate water, whereas water from the
seeps.. With sufficient residence time, water from | serpentinite terrain becomes a hard magnesium bicar-
granitic and sedimentary terrain becomes a hard | bonate water.
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FiGuRe 23 (facing page).—Piper diagram showing composition of hard (> 120 mg/L CaCO,) water of high specific conductance
(>220 pmho/cm) from granitic rocks, serpentinite, sedimentary rocks, and soil associated with serpentinite. Data plotted are
shown below.

Percent milliequivalents per liter

Sample Cations Anions
No.

Ca Mg Na+K Cl SO HCO:;wLCO3

Water from granitic rocks

6 62.9 28.8 8.2 1.6 8.8 89.6
30 50.6 48.2 1.1 2.2 0 97.8
34 70.0 28.9 1.1 2.7 0.5 96.8

Water from serpentinite

121 31.5 67.7 0.8 1.1 1.8 97.1
25 45.0 52.6 2.4 3.8 0 96.2
197 46.9 51.6 1.5 1.4 0 98.6
129 33.3 65.9 .8 1.4 0 98.6
Water from sedimentary rocks

1 56.3 41.6 2.1 2.9 3.4 93.7

2 58.6 37.6 3.8 4.4 13.9 81.7

3 57.5 38.7 3.8 3.5 10.8 85.7

4 60.9 37.9 1.2 0.3 9 98.8
33 68.1 30.8 1.2 4.2 5 95.3
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SOURCE OF WATER
A Granitic rocks

O Serpentinite

A Soil associated with
granitic rocks
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FIGURE 24.—Piper diagram showing composition of soft water of low conductance (<1,200 pmho/cm) from granitic rocks, serpen-
tinite, and soil associated with granitic rocks.

Percent milliequivalents per liter

Sample Source Cations Anions
No. Ca Mg Na+K Cl S0, HCO,+CO,
7 Granitic rocks ............ .. 50.3 26.0 23.7 14.2 5.8 80.0
22 odo o 41.5 36.4 22.1 1.6 16.1 82.3
17 Serpentinite ................ 419 49.0 9.2 20.0 7.0 72.0

23 Soil ...... ... .. ... 56.2 29.2 14.6 0 7.1 92.9
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